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SUMMARY 


Terrain  flying,  both  day  and  night,  is  now  an  Arn\y  aviation  tactical 
requirement.  The  present  investigation  compared  terrain  flight  during 
Low  Level  (LL)  and  Nap-of-the-Earth  (NOE)  profiles  for:  (1)  day  flight 

with  the  unaided  eye;  (2)  night  flight  with  the  unaided  eye;  and  (3) 
night  flight  using  night  vision  goggles.  /Data  were  acquired  through  use 
of  the  Helicopter  In-Flight  Monitoring  System  (HIMS).  The  total  sets  of 
in-flight  measures  were  analyzed  separately  for  both  LL  and  NOE  with 
further  analysis  on  the  subsets  of  pilot  dontrol  variables  and  aircraft 
status  variables.  Multiple  discriminant  analysis  techniques  were  used  to 
determine  which  measures  best  discriminated  between  visual  conditions. 

For  the  LL  flight  profiles,  the  results  indicate  that  performance  factors 
describing  air  speed  and  the  frequency  of  small  control  inputs  best 
discriminated  between  visual  conditions.  For  NOE  flight  profiles,  it  was 
determined  that  performance  factors  measuring  severity  of  roll  angles,  and 
the  frequency  and  magnitude  of  control  input,  best  discriminated  between 
the  three  visual  conditions. 
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INTRODUCTION 


Previous  experience  in  Army  aviation  has  emphasized  the  tactical 
requirement  for  around-the-clock  operations1.  A primary  requirement  in 
achieving  24-hour  capability  is  development  of  aviator's  ability  to 
perform  terrain  flight  profiles  during  both  day  and  night  operations1. 

To  meet  this  requirement  and  achieve  near  daytime  capability  at  night, 
a family  of  night  observation  devices  are  under  development.  One  device 
presently  being  utilized  in  the  aviation  environment  is  the  Night  Vision 
Goggles  (NVG's)2*3.  The  AN/PVS-5  night  vision  goggles  were  originally 
developed  for  ground  use  buf  are  now  considered  to  be  an  interim  device 
to  aid  the  pilot's  night  vision. 

The  requirement  to  utilize  terrain  flight  for  mission  accomplishment, 
particularly  during  periods  of  reduced  illumination,  introduces  major 
perceptual  demands  and  physiological  stress  upon  the  Army  aviator".  The 
low  altitudes  associated  with  terrain  flight  place  an  increased  demand 
upon  the  visual  sensory  system,  seriously  taxing  the  visual  resolution 
of  navigation  landmarks,  targets,  obstacles,  and  hazards5.  Terrain 
flight  during  reduced  illumination  conditions  further  impacts  the  human 
visual  sensory  system  by  reducing  the  spatial  and  temporal  resolution  of 
this  primary  source  of  information,  and  by  eliminating  the  ability  to 
use  color  information".  These  restrictions  on  the  visual  sensory 
system  require  the  aviator  to  compensate  his  control  input6  and  may 
affect  the  resulting  man-helicopter  mission  capability. 

The  present  investigation  was  conducted  to  compare  terrain  flying 
during  daylight  hours  to  that  at  night  w!»en  the  NVG's  are  employed.  Two 
terrain  flight  profiles  were  selected:  low  level  (LL)  and  nap-of-the- 

earth  (NOE).  Only  one  previous  investigation  has  evaluated  aviator 
flight  performance  with  and  without  the  aid  of  the  NVG's.  This  study6 
demonstrated  that  the  NVG's  provided  capability  for  flight  at  lower 
altitudes  during  NOE  profiles.  The  lower  altitude  and  the  slower  mean 
airspeeds  demonstrated  during  NVG's  flights  required  greater  control 
workload  to  avoid  obstacles  along  the  NOE  course.  Again,  during  low 
level  flights  it  was  observed  that  pilots  wearing  NVG’s  generally 
maintained  lower  altitudes  and  slower  airspeeds  relative  to  flights 
using  the  unaided  eye. 

The  present  investigation  represents  a continuation  of  an  ongoing 
research  program  to  evaluate  the  effects  of  night  vision  goggles  on 
aviator  performance  and  physiology,  and  the  resulting  effects  on  man- 
helicopter  system  performance.  In  this  study,  terrain  flight  perfor- 
mance was  examined  under  three  visual  sets:  (1)  unaided  eye  during 

the  day;  (2)  unaided  eye  during  the  night;  and  (3)  night  flights  using 
the  NVG's.  The  NOE  & LL  flight  profiles  were  evaluated  to  determine 
which  performance  parameters  distinguished  between  the  three  types  of 
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visual  sets.  In  addition,  this  research  further  developed  the  in-house 
knowledge  base  regarding  aviator  and  aircraft  in-flight  performance. 
This  particular  investigation  made  no  attempt  to  compare  performance 
between  LL  and  NOE  flight  profiles.  Rather,  this  research  effort 
focused  on  aviator  control  and  aircraft  response  parameters  within  each 
type  of  flight  profile. 

The  data  base  utilized  for  the  present  investigation  was  developed 
from  data  acquired  during  two  field  investigations,  one  involving 
terrain  flight  performance  during  the  day5;  and  the  second  examining 
performance  on  several  flight  profiles  at  night  using  both  the  unaided 
eye  and  NVG's4. 


METHOD 


Subjects 

Day  Flight.  Subjects  utilized  to  obtain  performance  data  on  the 
day  terrain  profiles  were  six  experienced  rotary  wing  aviators.  These 
pilots  had  an  average  total  of  2,249  career  flight  hours  and  had  flown 
an  average  of  1,397.5  of  these  hours  in  an  aircraft  similar  to  the  test 
aircraft.  Four  of  the  aviators  had  extensive  NOE  experience,  each 
having  flown  an  average  of  153.7  NOE  hours.  The  remaining  two  pilots 
had  less  experience  with  this  type  of  flight  profile. 

Night  Flight.  Subjects  utilized  in  obtaining  the  unaided  eye  night 
and  the  NVG's  night  profile  performance  data  were  six  rotary  wing  Army 
aviators  assigned  to  the  Advanced  Tactics  Division,  Department  of  Under- 
graduate Flight  Training,  US  Army  Aviation  School,  Fort  Rucker,  Alabama. 
These  subjects  were  also  experienced,  with  an  average  of  1,960  flight 
hours  In  rotary  wing  aircraft.  All  were  experienced  In  nap-of-the-earth 
flight  and  had  completed  the  Army  training  on  this  type  of  profile. 

These  subjects  had  no  prior  experience  with  the  night  vision  goggles. 

Apparatus 

Visual  Device.  The  AN/PVS-5  night  vision  goggles  are  self  contained, 
battery  powered,  passive,  second  generation,  binocular  devices  (Figure 
1).  The  NVG's  used  for  this  investigation  were  40°  field-of-vlew  (FOV) 
goggles  focused  at  infinity.  The  NVG's  weigh  approximately  1.9  pounds 
and  are  mounted  on  SPH-4  helmets  with  snaps  and  velcro  attached  straps 
(Figure  2).  A more  detailed  description  of  the  device  can  be  found 
in  USAARL  Report  Number  76-27*. 

Data  Acquisition 

The  test  vehicle  (Figure  3)  was  a JUH-1H  helicopter  instrumented  to 
measure  and  record  pilot  control  Inputs  and  aircraft  positions,  rates 
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FIGURE  3.  JUH-1H  RESEARCH  HELICOPTER 
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FIGURE  4.  HELICOPTER  IN-FLIGHT  MONITORING 
SYSTEM  (HIMS) 
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and  accelerations.  The  Helicopter  In-Flight  Monitoring  System  (HIMS)9 
(Figure  4),  which  is  integrated  into  the  helicopter  control  system, 
measures  aircraft  positions  in  six  degrees  of  freedom  while  simultaneously 
recording  cyclic,  collective,  and  pedal  inputs  and  aircraft  status 
values.  These  data  were  recorded  in  real  time  using  an  incremental 
digital  recorder. 

Procedure 

Day  Flight.  For  the  day  terrain  flight  profiles,  the  six  subjects 
were  divide a into  two  groups  of  three  pilots’.  The  two  groups 
flew  NOE  and  LL  flight  profiles  on  one  day  and  local  area  flights 
on  another  day  in  a counterbalanced  order.  On  the  day  in  which  subject 
pilots  flew  the  NOE  and  LL  flight  profiles,  they  were  briefed  at  the 
laboratory  and  then  flown  to  the  High  Falls  Stagefield,  where  testing 
was  conducted.  Each  subject  viewed  the  LL  course  (Figure  5)  and  the 
adjacent  NOE  course  during  a familiarization  flight  conducted  by  the 
safety  pilot  at  an  altitude  of  500  feet  MSL  and  an  airspeed  of  80 
knots.  After  the  period  of  orientation,  the  subject  pilot  took 
control  of  the  aircraft  and  returned  to  the  starting  point  at  the  same 
altitude  and  airspeed.  The  subject  then  conducted  a practice  flight 
consisting  of  a LL  flight  to  the  start  of  the  NOE  course,  and  a NOE 
flight  through  the  established  river  course.  After  these  familiarization 
runs  were  completed,  the  subject  flew  three  recorded  flights  consisting 
of  the  LL  segment  followed  by  the  NOE  segment.  Each  pilot  was  requested 
to  hold  a specific  heading  and  maintain  an  altitude  of  200  feet  MSL  and 
an  airspeed  of  80  knots  during  the  LL  portion  of  the  flights.  This  altitude 
placed  the  aircraft  approximately  five  to  forty  feet  above  the  tree  cover 
along  this  route.  The  LL  route  was  preselected  and  conformed  generally 
to  a straight  line  at  a constant  airspeed  and  indicated  altitude.  During 
the  NOE  flight,  each  subject  was  instructed  to  follow  a segment  of  the 
Choctawhatchee  River.  Subject  pilots  were  directed  to  maintain  a track 
in  the  middle  of  the  river  such  that  the  aircraft  would  be  approximately 
40  feet  above  the  river  bed  with  the  to* or  blades  at  or  slightly  above 
tree  top  level.  Subject  pilots  were  also  asked  to  maintain  a 45  knot 
airspeed  although  it  was  recognized  that  tUs  airspeed  could  not  be 
maintained  throughout  the  winding  NOE  course.  This  constraint  was 
imposed  to  force  the  pilot  to  make  airspeed  and  altitude  trade  offs 
while  trying  to  complete  the  course  as  quickly  as  possible  and  maintain 
maximum  concealment.  The  NOE  segment  of  each  flight  required  approxi- 
mately seven  to  eight  minutes,  and  the  low  level  segment  took  approxi- 
mately two  to  five  minutes.  Data  for  the  present  investigation  were 
taken  from  the  final  recorded  LL-NOE  flights. 

Night  Flight.  During  testing  on  the  night  terrain  flight  profiles 
using  the  unaided  eye  and  40°  FOV  NVG's,  subjects  were  divided  into  two 
groups;  one  group  receiving  30  minutes  flight  training  with  NVG's  simu- 
lators, and  the  second  group  receiving  30  minutes  laboratory  familiarization 
with  the  goggles  in  a darkened  room6.  Prior  to  the  LL-NOE  phase  of 
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SCALE  1 : 50,000  CONTOUR  INTERVAL  20  FEET 

— ■ NIGHT  NOE  COURSE  mm  DAY  NOE  COURSE 

NIGHT  LOW  LEVEL  COURSE  DAY  LOW  LEVEL  COURSE 

FIGURE  5.  LOW  LEVEL  AND  NOE  TESTING  COURSES 
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study,  the  subjects  completed  65  minutes  of  night  training  and  testing 
with  three  different  sets  of  NVG's  (4G°  FOV,  60°  FOV,  and  40°  FOV  bifocals). 
The  preliminary  test  profile  consisted  of  a set  of  standard  maneuvers. 
Immediately  before  the  LL-NOE  portion  of  the  study,  the  subjects  were 
given  a 20  minute  refresher  period  with  the  NVG's. 

During  the  LL-NOE  phase  of  the  study,  the  subjects  were  initially 
given  a day  orientation  flight  by  the  safety  pilot  over  both  the  LL  and 
NOE  courses.  The  subject  then  flew  the  course  at  200  feet  MSL  and 
finally  made  an  actual  LL-NOE  flight  under  daylight  conditions.  Subjects 
were  instructed  to  choose  an  altitude  and  airspeed  which  was  safe  and 
yet  maintain  maximum  masking  during  all  flights. 

During  the  night  testing  periods,  each  subject  flew  one  unaided  eye 
LL-NOE  flight,  followed  by  one  LL-NOE  flight  with  each  of  the  three 
types  of  goggles  and  then  completed  a final  unaided  eye  flight.  Data 
from  this  final  unaided  eye  LL-NOE  flight  and  from  the  LL-NOE  flight 
with  40°  FOV  NVG's  were  used  in  the  present  investigation. 

The  LL  and  NOE  course  used  in  the  night  field  investigation  was 
approximately  one-half  the  length  of  the  course  utilized  for  the  day 
terrain  flight  testing.  The  end  point  of  the  LL  course  and  the  start 
point  of  the  NOE  course  was  identical  for  both  studies  (Figure  5). 

Analysis 

Separate  analyses  were  conducted  for  the  LL  and  NOE  segments  of  each 
flight.  Before  the  analysis  each  of  the  LL  and  NOE  flight  segments  were 
standardized  to  insure  data  compatibility  across  the  two  field  studies. 

For  the  NOE  segments,  this  standardization  was  accomplished  by  selecting 
data  that  occurred  between  a specified  point  approximately  .3  miles  from 
the  start  of  the  course  and  a point  approximately  3.5  miles  from  the 
start.  In  this  way,  the  data  from  both  field  studies  represented  the 
same  NOE  course.  Since  the  LL  segment  was  used  to  position  the  aircraft 
at  the  start  of  the  NOE  segment,  this  course  was  necessarily  different 
for  the  two  field  investigations.  The  LL  segments  were  standardized  by 
selecting  segments  of  data  which  occurred  during  LL  flight  excluding  the 
ascent  during  take  off  and  descent  to  the  NOE  starting  point.  Absolute 
heading  was  eliminated  as  a possible  measure  of  comparison  between 
visual  set  conditions  (i.e.,  day  LL  flight,  naked  eye  night  LL  flight, 
or  NVG's  LL  flight).  A recording  malfunction  during  the  night  and  NVG's 
flight  segments  for  both  the  LL  and  NOE  flights  reduced  the  test  population 
to  five  subjects  for  the  night  and  NVG's  visual  condition  groups. 

The  initial  analysis  phase  consisted  of  generating  summary  statistics 
from  HIMS  data  collected  for  each  LL  and  NOE  flight  segment.  The  available 
system  provides  325  direct  or  derived  measures  describing  pilot  control 
Inputs  and  aircraft  position,  rates  and  accelerations.  The  summary 
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statistics  from  the  NOE  and  LL  flights  were  examined  separately  to 
determine  which  variables  measured  redundant  information  and  which 
measures  furnished  a continuous  distribution  of  values  across  the  three 
types  of  visual  conditions.  Any  measures  which  provided  data  for 
one  type  of  visual  condition,  but  which  showed  no  observed  values  for 
the  other  visual  conditions  were  eliminated  from  further  analysis. 

On  the  basis  of  this  examination,  64  measures  were  selected  as  appropriate 
for  analyses  of  the  LL  flight  segments  and  100  measures  were  selected 
for  analyzing  the  NOE  data.  These  two  sets  (LL  and  NOE)  of  selected 
measures  were  then  each  further  classified  into  two  subsets  which 
represented:  (1)  pilot  control  measures  and  (2)  aircraft  status  measures. 

The  second  analysis  phase  entailed  submitting  the  LL  set  and  the 
NOE  set  of  selected  measures,  and  each  of  the  pilot  control  and  aircraft 
status  subsets  to  a cluster  analysis  program.  This  program  developed 
clusters  or  groups  of  highly  correlated  variables.  Each  cluster  was 
then  considered  as  one  Independent  variable  and  was  represented  in 
subsequent  analyses  by  the  one  variable  which  obtained  the  highest 
cluster  loading. 

The  unclustered  variables  and  the  variables  representing  each 
cluster  were  then  submitted  to  a stepwise  discriminant  analysis 
program.  This  program  was  utilized  to  evaluate  the  ability  of  the  in- 
flight performance  measures  to  discriminate  between  the  three  visual 
conditions.  The  five  most  discriminating  variables  identified  in  the 
original  stepwise  discriminant  analysis  were  re-examined  with  the  step- 
wise discriminant  program,  without  the  lesser  discriminating  variables, 
thus  ensuring  multivariate  F ratio  stability. 

The  output  of  the  stepwise  discriminant  program  provides  a multivariate 
F value  for  differences  between  the  three  visual  conditions,  a Milk's 
Lambda  (U-Statlstlc)  to  test  the  equality  of  visual  condition  group 
means,  and  an  F value  matrix  to  test  the  equality  of  group  means  between 
each  pair  of  groups.  This  program  also  provides  a classification  matrix 
which  Indicates  the  proportion  of  aviators  statistically  classified  Into 
the  appropriate  visual  group  on  the  basis  of  the  most  discriminating 
performance  measures. 

The  five  in-flight  performance  measures  found  to  be  most  discriminating 
in  the  stepwise  analysis  were  then  examined  In  Veldman's19  multiple 
discriminant  analysis  program.  This  program  provides  univariate  F 
ratios  for  each  variable  Included,  multivariate  discriminant  weights  for 
each  variable,  a Milk's  Lambda  value,  an  estimated  Omega  square,  and  a 
Chi  square  approximation  to  test  the  significance  of  each  discriminant 
function.  The  Omega  square  value,  a measure  of  total  discriminatory 
power,  gives  an  estimate  of  the  percentage  of  total  variability  In 
discriminant  space  that  Is  relevant  to  group  differentiation.  The  primary 
reason  for  utilizing  Veldman's  program  was  to  determine  each  variable's 
contribution  to  the  discrimination  of  the  three  visual  groups.  This 


10 


relative  discrimination  ability  was  indicated  by  the  adjusted  discriminant 
weighty  (D  weights)  assigned  each  variable  for  each  of  the  discriminant 
functions  or  roots.  Primary  contributors  to  a discriminant  root  were 
considered  to  be  those  weights  whose  absolute  values  were  no  less  than 
approximately  one-half  the  largest  weight. 


RESULTS  AND  DISCUSSION 


Low  Level  Flight 

Cluster  Analysis.  A cluster  analysis  was  obtained  for  each  of 
the  three  subsets  of  low  level  flight  data.  The  first  cluster  analysis 
examined  the  total  set  of  both  aircraft  status  and  pilot  control  measures. 
The  second  analysis  examined  only  pilot  control  measures  and  the  third 
analysis  examined  only  aircraft  status  measures.  The  subset  of  pilot 
control  measures  selected  for  further  analysis  is  found  in  Table  1A. 

The  final  analysis  subset  obtained  from  the  cluster  analysis  of 
aircraft  status  measures  is  presented  in  Table  IB.  When  the  entire 
set  of  low  level  flight  measures  was  examined,  correlations  between 
aircraft  status  measures  and  pilot  control  measures  were  utilized  in 
developing  clusters.  Thus,  the  subset  of  variables  selected  for  final 
analysis  was  somewhat  different  than  a strict  addition  of  the  two  previous 
variable  subsets.  Those  variables  In  Tables  1A  and  IB  which  were  also 
selected  in  the  cluster  analysis  of  all  low  level  flight  measures  are 
identified.  Variables  which  were  Included  in  the  total  LL  variables 
analysis  subset  but  not  included  in  either  Table  1A  or  IB  are  found  in 
Table  1C. 

Total  In-Flight  Variable  Set.  The  five  most  discriminating  in- 
flight  performance  measures  taken  from  the  entire  LL  variable  set  are 
referenced  in  Table  2A.  These  measures  are  presented  in  the  order  in 
which  they  were  selected  by  the  stepwise  discriminant  analysis.  The 
multivariate  F values  and  the  Wilk's  Lambda  or  U-statistic  values  are 
also  provided  in  Table  2A.  Using  the  set  of  variables  in  Table  2A, 
a perfect  classification  of  each  flight  profile  into  its  appropriate 
visual  condition  group  was  possible. 

In  Table  3A  are  found  the  adjusted  discriminant  weights  for  those 
variables  that  best  discriminated  between  the  visual  conditions  when  all 
LL  variables  were  considered.  These  weights  indicate  that  the  average 
or  mean  pitch  angle  of  the  aircraft  was  best  able  to  discriminate 
between  visual  groups.  Mean  roll  rate  and  mean  airspeed  values  were 
also  significant  discriminators  in  identifying  the  different  visual 
conditions  for  the  LL  flight  profiles.  In  all  analyses  for  both  LL  and 
NOE  flights,  only  the  first  discriminant  function  or  root  accounted  for 
a significant  amount  of  the  variance.  Each  of  the  variables  that 
contributed  most  highly  to  group  discrimination  was  related  to  airspeed 
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Table  1 

Variables  Selected  Through  Cluster  Analysis  Low  Level  Flights 


A.  Pilot  Control  Measures 

1)  Cyclic  Fore-Aft  Control  Position  - Mean 

2)  Cyclic  Left-Right  Control  Position  - Mean 

3)  ♦ Collective  Control  Position  - Mean 

4)  ♦ Pedal  Control  Position  - Mean 

5)  ♦ Cyclic  Fore-Aft  Control  Position  - Standard  Deviation 

5)  Cyclic  Left-Right  Control  Position  - Standard  Deviation 

7)  Collective  Control  Position  - Standard  Deviation 

8)  ♦ Pedal  Control  Position  - Standard  Deviation 

9)  ♦ Cyclic  Fore-Aft  Absolute  Control  Moveaent  Magnitude  - Mean 

10)  ♦ Cyclic  Left-right  Absolute  Control  Moevenent  Magnitude  • Mean 

11)  ♦ Cyclic  Fore-Aft  Number  of  Instantaneous  Control  Reversals 

12)  Cyclic  Left-Right  Number  of  Instantaneous  Control  Reversals 

13)  ♦ Collective  Number  of  Instantaneous  Control  Reversals 

14)  + Pedal  Numbs r of  Instantaneous  Control  Reversals 

15)  9 Cyclic  Left-Right  Number  of  Control  Reversals 

16)  ♦ * 9 Collective  Number  of  Control  Movements 

17)  ♦ * 9 Pedal  Number  of  Control  Movements 

18)  ♦ Cyclic  Left-Right  Percent  of  Total  Time  in  Control  Steady  State 

19)  ♦ Collective  Percent  of  Total  Time  in  Control  Steady  State 


B.  Aircraft  Status  Measures 


20)  ♦ * 9 Pitch  - Mean 

21 ) ♦ Roll  - Mean 

22)  ♦ * • Pitch  - Standard  Deviation 

23)  ♦ Roll  - Standard  Deviation 

24)  Roll  - Average  Absolute  Error  (AAE) 

25)  9 Pitch  - Root  Mean  Square  (RMS)  Error 

26)  * Roll  - Root  Mean  Square  Error 


27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

is; 

39 

40 


Heading  • Standard  Deviation 
Heading  - RMS  Error 
Z Axis  Acceleration  • Mean 
X Axis  Acceleration  - Standard  Deviation 
r Axis  Acceleration  - Standard  Deviation 
Z Axis  Acceleration  - Standard  Deviation 
Roll  Rate  - Mean 
Pitch  Rate  - Mean 

* .9  Roll  Rate  - RMS  Error 

• 9 Pitch  Rate  - RMS  Error 
9 faw  Rate  - RMS  Error 

• 9 Altitude  - Mean 

Altitude  • Standard  Deviation 

* 9 Airspeed  - Mean 


i 


i 

* 

t- 


C.  Additional  Haasures  Resulting  From  the  Cluster  Analysis  of  the  Total 
Set  of  Low  Level  Variables 

1)  ♦ • Cyclic  Fore-Aft  Number  of  Control  Reversals 

2)  ♦ * Pitch  - Average  Absolute  Error  (AAE) 

3)  «■  Roll  - AAE 

4)  ♦ V Axis  Acceleration  - Mean 

5)  ♦ Z Axis  Acceleration  - Mean 

6)  ♦ Yaw  Rata  - Standard  Deviation 

• • Indicates  that  this  variable  was  selected  through  cluster  analysis  when  the 

total  set  of  low  level  variables  were  considered. 

• - Indicates  that  this  variable  was  chosen  to  represent  a cluster  of  variables  within 

the  appropriate  variable  subset. 

• - Indicates  that  this  variable  was  chosen  to  represent  a cluster  of  variables 

when  the  entire  set  of  low  level  variables  were  considered. 


J l 
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Table  2 


Stepwise  Discriminant  Antlysis-IL  Flight  Smeary  Data 


P Value 

— 3T“ 

A.  Total  Set  of  Inflict  Variables 
1.  Mean  Roll  Rate 

90.64 

2/13 

< 

.01 

.0669 

2.  Mean  Pitch  Angle 

22.28 

2/12 

< 

.01 

.0142 

3.  Collective  Control 
Instantaneous  Control 
Reversals  - * 

7.S9 

2/11 

< 

.01 

.0060 

4.  Mean  Airspeed 

8.39 

2/10 

< 

.01 

.0022 

S.  Standard  Deviation  - Heading 

S.63 

2/9 

< 

.05 

.0010 

B.  Pilot  Control  Variable  Set 
1.  Collective  Control 
Instantaneous  Control 
Reversals  • # 

58.60 

2/13 

< 

.01 

.0991 

2.  Cyclic  Left -Right  Control 
Control  Position  Mean 

12.72 

2/12 

< 

.01 

.0320 

3.  Cyclic  Fore-Aft  Control 
Instantaneous  Control 
Reversals  - 1 

3.05 

2/11 

< 

.10 

.0206 

4.  Pedal  Control 

Control  Position  Standard 
Deviation 

2.45 

2/10 

< 

.25 

•013t 

S.  Collective  Control 
Control  Position  Mean 

2.17 

2/9 

< 

.25 

.0093 

C.  Aircrait  Status  Variables 
1.  Mean  - R..11  Rate 

90.64 

2/13 

< 

.01 

.0669 

2.  Meen  - Pitch  Angle 

22.28 

2/12 

< 

.01 

.0142 

3.  Mean  - Airspeed 

7.18 

2/11 

< 

.01 

.0062 

4.  Standard  Deviation  - Heading 

5.  Standard  Deviation  • Altitude 

3.04 

2/10 

< 

.10 

.0038 

2.19 

2/9 

< 

.10 

.0023 

Table  3 

Mltiplt  Discriainant  Analyils-U.  Flight  imaiy  Data 


HTuattJ- 
D Mights 
Root! 


Variable  Entered 


Day 


Night 


wc 


A.  Total  Set  Inflight  Variables 

1.  Man  Doll  Rate 

2.  Hex  Pitch  Angle 

3.  Collective  Coitrol-Iastantaneoue 
Control  Reveisals  ■ • 

4.  Men  Airspeed 

5.  Standard  Deviation -Heed  lag 


R.  Pilot  Control 

1.  Collective  Centrol-Uetentaneoue 
Control  Reversal!  - 4 

2.  Cyclic  Uft-Rl#t  Control 
Poaitlon  Man 

Cyclic  Fore-Aft  laetxt— eue 
Control  IsveTMlf  • • 

Pedel  Control,  Control 
Position  Standard  Deviation 
Collective  Control,  Control 
Poaitlon  Man 


1 


5. 

4. 

5. 


Aircraft  Statue  Values 
1.  Man  Roll  Rata 
Cle 


2.  mm  Pitch  Am! 
5.  mm  Airaone f 
4.  Standard  baric 


eietlM  Madin 


i.  Standard  DnriatlM-Altiti 


.96 

.10 

.03 

90.6S" 

.433 

-3.07 

• .96 

.93 

2S.S*“ 

*.S43 

6*4 

37S 

444 

Si.S9“ 

.131 

70.69 

OS. 12 

33.23 

3.49 

-.123 

4. SI 

2.S2 

3.40 

3.16 

.212 

• 6S.64, 

df  • 6,  P « 

.0001 

I 

t 

1 

* .9100 

6S4 

37S 

444 

S4.S9** 

.493 

•1.3S 

-.63 

-.63 

10.16“ 

-.361 

421 

29t 

364 

S.S4* 

.314 

.213 

.270 

.290 

.06 

-.277 

3. 33 

3.41 

3.33 

1-04 

.136 

> 41.09, 

df  « ♦,  p < 

.001 

Bated  am 

Vi  Sopared) 

• .1016 

.96 

.19 

■OS 

00.64** 

-.437 

-1.07 

-.IS 

.03 

23.00“ 

.477 

70.09 

63.12 

33.23 

3.60 

.217 

4. SO 

2.37 

3,07 

3.07 

-.!» 

21.46 

44.11 

30.01 

!.» 

.094 

• 6S.S4, 

df  •».  P< 

.0003 

I 

1 

• .1071 

MRU  variate  P,  df  • 1,13  “p  < .01  *p  « .« 
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during  actual  flight  conditions.  It  is  interesting  to  note  that  unaided 
eye  night  flight  more  resembled  day  flight  than  did  NVG's  flights  in 
terms  of  these  airspeed  related  variables.  This  is  illustrated  in 
Figure  6 which  presents  the  groups  centroids  along  Root  I.  However,  it 
should  be  noted  that  the  two  night  flights  are  most  similar  and  are 
d'stinct  from  the  day  flights. 


TOTAL  CONTROL  AIRCRAFT 


J'51 

■ ■ 

■ ■ 

■ ■ 

• 

3.0 

• DAY  (3.192) 

2.S 

INVO  (2.231) 

2.0 

1 NIOHT  (I.9A5) 

1.5 

l DAY  (1.507) 

1.0 

.5 

1 

l NIGHT  (.035) 

INVO  (.402) 

0 

•NIGHT  (1*4) 

INVO  (-.133) 

-.5 

-1.0 

•DAY  (-1.017) 

-1.5a 

■ ■ 

■ ■ 

■ m 

• 1 

GROUP  CENTROID  PLACEMENT  ON  ROOT  I 
FOR  LOW  LEVEL  FLIGHT  DATA 


FIGURE  6 


Pilot  Control  Variables.  The  fiye  most  discriminating  variables 
selected  from’  the  pilot  control  variables  for  distinguishing  between 
the  day,  night,  and  NVG's  flight  segments  are  found  in  Table  2B.  Again 
it  was  possible  to  perfectly  classify  each  aviator's  flight  into  the 
appropriate  visual  group  on  the  basis  of  these  five  variables.  Those 
variables  showing  the  largest  contribution  to  discrimination  are 
listed  in  Table  3A.  The  number  of  instantaneous  control  reversals  for 
the  collective  control  and  the  number  of  instantaneous  control  reversals 
for  the  cyclic  fore-aft  control  indicate  that  during  day  flights 
aviators  made  more  minute  adjustments  in  these  controls  during  LL 
flight.  It  Is  notable  that  the  next  largest  frequency  of  these  control 
reversals  was  made  by  those  aviators  wearing  the  NVG's.  The  control 
position  mean  for  the  cyclic  left/right  control  measure  Indicates  that 
for  the  day  LL  flights,  aviators  increased  left  cyclic  due  to  the  greater 
airspeed  of  day  flights  as  compared  to  either  the  night  unaided  eye 
flights  or  the  NVG's  flights.  The  lowest  of  the  major  contributors, 
pedal  control  position  standard  deviation,  shows  that  during  NVG's 
flights  aviators  tended  to  make  slightly  larger  pedal  control  movements 
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f away  from  average  position  than  they  did  during  day  or  night  flights. 

The  centroid  placement  in  Figure  6 for  pilot  control  variables  demon- 
strates that  in  terms  of  control  inputs,  the  NVG's  flights  were  more 
similar  to  day  flights  than  when  the  total  set  of  LL  flight  variables 
was  considered.  Again  it  should  be  noted  that  the  NVG's  flights  and  the 
unaided  eye  night  flights  demonstrate  the  closest  similarity  and  are 
obviously  distinct  from  the  day  flights. 

Aircraft  Status  Variables.  The  most  discriminating  variables 
selected  by  the  stepwise  discriminant  analysis  from  the  set  of  aircraft 
status  values  are  presented  In  Table  2C.  Perfect  classification  of 
flights  into  the  appropriate  visual  condition  group  was  obtained  using 
the  five  variables. 

Mean  roll  rate  and  mean  pitch  angle  were  again  the  two  highest 
contributors  to  discrimination  of  visual  groups,  with  mean  airspeed 
providing  the  third  largest  contribution  (Table  3C).  It  would 
appear  that  an  airspeed  factor,  as  expressed  by  these  three  variables, 
contributes  most  to  overall  discrimination  of  the  three  types  of 
visual  conditions.  For  these  data,  unaided  eye  flight  at  night 
more  resembled  day  flights  than  did  the  NVG's  flights,  although  the 
NVG's  and  night  flights  are  again  the  most  similar  (Figure  6). 

NOE  Flight 

Cluster  Analysis.  In  Table  4 are  presented  the  variables  selected 
after  cluster  analysis  of  the  pilot  control  measures  (Table  4A)  and 
the  aircraft  status  measures  for  the  NOE  flights  (Table  4B).  Variables 
selected  through  the  cluster  analysis  when  the  total  set  of  NOE 
flight  variables  were  considered  are  again  Identified  in  Table  4A  and 
Table  4B.  Those  measures  that  were  unique  to  the  analysis  of  the  total 
NOE  variables  set  are  presented  in  Table  4C. 

Total  In-Flight  Variable  Set.  The  five  variables  that  contributed 
the  most  to  dlscnmi nation  between  visual  conditions  during  NOE  flight 
segments  are  presented  in  Table  5A.  On  the  basis  of  these  five  variables, 
it  was  not  possible  to  obtain  perfect  classification  of  NOE  flights  Into 
visual  groups.  One  NVG's  flight  segment  was  classified  as  an  unaided 
eye  night  flight.  The  addition  of  mean  pitch  rate  as  a classifying 
i variable  enabled  perfect  classification,  although  this  procedure  was  not 

I implemented  due  to  the  limited  group  sample  size.  Inspection  of  Table  6A 

shows  that  the  five  variables  from  the  total  NOE  in-flight  variable  set 
I did  account  for  a highly  significant  amount  of  variance  (99.86X).  Of 

i the  three  variables  (Table  6A)  which  contributed  most  to  visual  group 

! discrimination,  none  obtained  the  magnitude  of  adjusted  0 weights 

as  observed  in  the  LL  analysis.  This  suggests  that  no  Individual  variable 
or  cluster  of  variables  was  able  to  overwhelmingly  Identify  visual  group 
1 * conditions  during  NOE  flight  segments.  The  three  variables  that  contributed 

most  to  the  group  discrimination,  i.e.,  Y axis  mean  acceleration,  mean 
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Tibi*  4 

Variables  Selected  Through  Clutter  Analysis  - NOE  Flights 


A.  Pilot  Control  Measures 


1)  ♦ 
2)  ♦ 

3)  ♦ 

4)  ♦ 

5)  ♦ 
6 ♦ 

7)  ♦ 

8)  ♦ 

9 * 

10  ♦ 
11)  ♦ 
12  ♦ 
13)  r 
14  ♦ 
15)  ♦ 

16  4 

17  ♦ 

18  + 

19  ♦ 

20  ♦ 
21  ♦ 
22  * 

23  * 

24  a 

25  ♦ 

26  i ♦ 

27  ♦ 

28  ♦ 
29  ♦ 
30)  ♦ 


• # 

* » 
♦ • 

* 9 

* 9 


• 9 

• 9 

• • 

* • 


Cyclic  Fore-Aft  - Control  Position  Mean 

Cyclic  Left-night  - Control  Position  Mean 

Collective  - Control  Position  Mean 

Cyclic  Fore-Aft  • Control  Position  Standard  Deviation 

Collective  - Control  Position  Standard  Deviation 

Cyclic  Left-Right  Absolute  Control  Moveeent  Magnitude  - Mean 

Collective  Absolute  Control  Moveatent  Magnitude  - Mean 

Pedals  Absolute  Control  Movement  Magnitude  - Mean 

Cyclic  Fore-Aft  Absolute  Control  Moveatent  Magnitude  - Standard  Deviation 

Pedals  Absolute  Control  Moveaent  Magnitude  - Standard  Deviation 

Cyclic  Left-Right  Absolute  Average  Control  Movement  Rat*  - Mean 

Cyclic  Fore-Aft  Absolut*  Average  Control  Moveatent  Rate  - Standard  Deviation 

Cyclic  Left-Right  Absolute  Average  Control  Movement  Rat*  - Standard  Deviation 

Pedal  Positive  Control  Movement  Magnitude  - Mean 

Pedal  Positive  Control  Movement  Magnitude  - Standard  Deviation 

Cyclic  Left-Right  Positive  Average  Control  Movement  Rate  - Mean 

Pedal  Positive  Average  Control  Movement  Rate  - Mean 

Pedal  Positive  Average  Control  Movement  Rate  - Standard  Deviation 

Cyclic  Fore-Aft  Negative  Control  Movement  Magnitude  - Mean 

Pedal  Negative  Control  Movement  Magnitude  - Mean 

Pedal  Negative  Control  Movement  Magnitude  - Standard  Deviation 

Cyclic  Fore-Aft  Negative  Average  Control  Movement  Rat*  - Naan 

Cyclic  Left-Right  Negative  Average  Control  Movement  Rat*  - Mean 

Cyclic  Fore-Aft  Negative  Average  Control  Movement  Rat*  - Standard  Deviation 

Cyclic  Left -Right  Negative  Average  Control  Movement  Rat*  - Standard  Deviation 

Pedals  Negative  Average  Control  Movement  Rate  - Standard  Deviation 

Cyclic  Left-Right  - Number  of  Instantaneous  Control  Reversals 

Cyclic  Fore-Aft  - Number  of  Control  Reversals 

Collective  - Number  of  Control  Movements 

Pedals  • Number  of  Control  Movements 


S.  Aircraft  Status  Measures  - NOE 


31 

32 

33 
34' 
35 
36) 

37 

38 

39 

40 
41' 

42 

43 

44 

45 

46 


Roll  - Mean 

Pitch  - Standard  Deviation 

• Pitch  - Average  Absolute  Error 

• Heading  - Mean 

• Heading  • Standard  Deviation 

Y Axis  Acceleration  • Mean 

X Axis  Acceleration  - Standard  Deviation 

Y Axis  Acceleration  - Standard  Deviation 
Roll  Rat*  - Mean 

Pitch  Rat*  - Mean 
Yaw  Rat*  - Mean 

• Yaw  Rat*  - Standard  Deviation 

• Roll  Rat*  - Root  Mean  Square  Error 

• • Altitude  - Mean 

Altitude  - Standard  Deviation 
Airspeed  - Standard  Deviation 


C.  Additional  Measures  Resulting  From  the  Cluster  Analysis  of  the  Total 

NOE  Measures 

lie  * Pitch  - Root  Mean  Square  Error 

2)  ♦ • Roll  - Root  Mean  Square  Error 

3)  ♦ * Pitch  Rate  - Average  Absolute  Error 

♦ - Indicates  that  this  variable  was  selected  through  by  cluster  analysis  when  the  total 
set  of  NOE  variables  ware  clustered. 


9 - Indicates  that  this  variable  was  chosen  te  represent  a cluster  of  variables 
within  the  appropriate  variable  subset. 

* - Indicates  that  the  variable  was  chosen  to  represent  a cluster  of  variables 
whan  the  entire  set  of  DOE  variables  wore  considered. 
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StspriM  Discrlninwt  Analysis  HOE  Flight  StaMiy  OtU 


FValua  " 

~ T 

1 ~ 

A. 

Tout  Sat  of  Inflight  Variables 
1.  Y Axis  ■ Moon  Acceleration 

57.  SS 

2/13 

< 

.01 

.1014 

2.  Moan  toll  tot* 

16.56 

2/12 

< 

.01 

.0270 

S.  Mow  toll  toglt 

11.11 

2/11 

< 

.01 

.0019 

4.  Collect ivs  Control -Absolute 
Control  Mrvsamt  Magnitude  Mean 

6.64 

2/10 

< 

.05 

.003* 

S.  Padal  Control -Absolute  Control 
tore— it  Magnitude  Standard 
Deviation 

10.20 

2/9 

< 

.01 

.0012 

1. 

Pilot  Control  Variables 
1.  Collective  Control-Mean  Control 
Position 

23.07 

2/13 

< 

.01 

.2191 

2.  Cyclic  Left-Right  Control 
Absoluu  Average  Movenent  Rate 

Mean 

7.40 

2/12 

< 

.01 

.09SS 

3.  Pedal  Control-Positive  Control 
Movanmt  Magnitude  Moan 

5.00 

2/11 

< 

.05 

.0500 

4.  Pedal  Control -Absolute  Control 
Moment  Magnitude  Mean 

3.05 

2/10 

< 

.10 

.0311 

S.  Cyclic  Left -Right  Control 
Position  Naan 

2.43 

2/9 

< 

.25 

.0202 

C. 

Aircraft  Status  Values 

1.  Y Axis  • anon  acceleration 

57.54 

2/13 

< 

.01 

.1014 

2.  Maw  toll  Rate 

16.56 

2/12 

< 

.01 

.0270 

3.  Mm  toll  Angle 

11.11 

2/11 

< 

.01 

.0009 

4.  Standard  Deviation  Airspeed 

5.49 

2/10 

< 

.05 

.0041 

3.  Maw  Heading 

4.01 

2/9 

< 

.10 

.0022 

T«bl.  * 

Mdtlpl*  UicrlalMnt  Analysis  - HUE  Flight  Ti— ry  DsU 


Variable  Entered 

Dr 

mm 

Nitfit 

rnm 

WG 

mm 

F* 

T0J3KT 
0 tttiafcu 

loot  l 

A.  Total  Inflight  Variable  Sate 
1.  T Axis  - Mm*  Acceleration 

.0S5 

-.>10 

-.016 

57.54“ 

.044 

2.  Mm*  Roll  Rate 

.Ml 

.114 

.033 

19.41“ 

.042 

3.  mm  Roll  Ancle 

.302 

•1.303 

-l.Wl 

9.16“ 

-.034 

«.  Collective  Central  Absolut* 
Hw fount  topUtufe  - Mran 

.444 

.559 

.417 

1.1# 

.011 

S.  Nfel  Control  Abtolut*  Centra* 
Mwwit  tfcfpltufe  - Standard 
Deviation 

.13# 

.an 

. 134 

3.34 

-.011 

Snot  I . M.iSt  of  mUoca  gJ  • 74. M,  df  • »,  p < .0001 
Tout  Discriniaatory  Pg»r  (Eatlaatsd  OBsfa  Sguerad)  « .SSS6 


1.  silot  Control  Variables 

1.  Collactiv*  Control  hoaitl®  Mua 

2.  Cyclic  Uft-M#t  Coetrol 
IbMsnt  1st*  ICn* 

3.  N4al  control  - Roaltivt  Control 
low— nt  M^iituit  Noon 

4.  Padal  Gittrol  - Absolut*  Control 
Mooatnt  Moputuf*  Mm* 

5.  Cyclic  Loft  Sight  Control 
Poo  it  Ion  loot 


2.931 

3.430 

4.032 

23.07“ 

.466 

4.434 

4.443 

4,##2 

4.31 

-.354 

.414 

.734 

.441 

3.93 

-.342 

.4)1 

.699 

.343 

2.04 

.22? 

1.394 

-1.134 

-1.147 

6.61* 

.111 

loot  1 • 93.67t  of  vartan*  X1 2 3 4 5  - 34. St,  df  • 6,  a < .0401 
Total  Diner  Initiatory  Pooor  (Eatlaatsd  Onogi  Squared)  • .>732 


C. 


Aircraft  Statue  Values 

1 . T Asia  - Mm*  Acceleration 

2.  Mm*  Mill  Rat* 

3.  Mao  hell  Angle 

4.  Standard  Deviation  Airspeed 
3.  Mat  Hooding 


.033 

-.010 

-.014 

57.14“ 

.044 

.Ml 

.114 

.033 

19.41“ 

.037 

.302 

•1.30$ 

•1.441 

9.14“ 

-.023 

4.717 

7,304 

4.573 

6.73“ 

.003 

14 

215 

211 

1.07 

.012 

Stot  I • 94.2M  of  vsrteaca  X1  • U.M,  df  • 6,  p < .Ml 
Total  Piscrtalnatorr  honor  ttitlaatod  Ogata  Soared)  » Mjj 

^Mvtriat*  F vs.ua,  df  • 2,13  “p  < .01,  *p  < ,K 
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roll  rate,  and  mean  roll  angle,  were  interpreted  to  represent  a roll  severity 
factor.  The  day  group  of  flights  demonstrated  the  largest  values  for  this 
factor.  The  position  of  group  centroids  in  Figure  7,  for  the  total  NOE 
variables,  illustrates  the  close  similarity  of  night  and  NVG's  flights. 

TOTAL  CONTROL  AIRCRAFT 

.3 

.2 

.1 

.00 

-.1 

-.2 

-.2 

-.4 

-.5 

-.2 

GROUP  CENTROID  PLACEMENT  ON  ROOT  I 
FOR  NOE  FLIGHT  DATA 


■ 

DAY  (.107) 

DAY  (.202) 
NIOHT  (.207) 
NVO  (.195) 

NIOHT  (017) 
NVO  (.012) 

1 

NVO  (-.092) 

( 

• NIOHT  (-.474) 

1 DAY  (—.450) 

FIGURE  7 

An  examination  of  the  group  means  (Table  6)  provides  several  interesting 
results.  These  data  demonstrate  that  the  severity  of  roll  angle  increased 
during  the  day  flights  as  compared  to  night  and  NVG's  flights.  In  addition, 
these  values  indicate  that  the  average  direction  of  roll  angle  changed  from 
right  roll  angle  during  the  day  to  left  roll  angle  at  night.  This  finding 
is  somewhat  surprising  in  that  it  suggests  that  the  pilot,  flying  from  the 
right  seat,  tends  to  roll  the  aircraft  more  to  the  side  of  greatest  visi- 
bility (right  side)  during  the  day  and  to  the  least  visible  side  (left) 
during  the  night  and  when  using  NVG's.  However,  subjects'  comments  about 
the  NOE  flights  indicate  that  they  flew  closer  to  the  right  side  of  the 
| river  course  during  the  night  and  NVG's  flights  to  obtain  better  clearance 

| and  obstacle  definition,  thus  limiting  right  roll. 

Pilot  Control  Variables.  The  most  discriminating  variables  within  the 
set  o'f  WE  p’iTot  control  measures  are  presented  in  Table  5B.  Perfect 
[ classification  of  visual  groups  was  accomplished  using  these  variables.  The 

1 relative  contribution  of  these  variables  to  group  discrimination  is  indi- 

! cated  in  Table  6B.  The  increased  magnitude  of  the  adjusted  discriminant 

weights  demonstrates  an  increased  contribution  by  specific  variables. 

1 That  is,  particular  variables  have  increased  importance  in  describing 
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visual  group  discrimination.  The  three  variables  that  contributed  most 
to  group  discrimination  were  collective  control  position  mean,  cyclic 
left/right  average  absolute  control  movement  rate,  and  mean  positive 
control  movement  magnitude  for  the  pedals.  It  is  believed  that  the 
measure  of  mean  collective  control  position  does  not  actually  provide  a 
practical  discrimination  of  visual  conditions  as  much  as  it  represents  a 
lack  of  success  in  completely  counterbalancing  the  fuel  loads  carried 
during  the  different  profiles.  However,  the  other  variables  that  showed 
substantial  discrimination;  average  absolute  control  movement  rate  for 
the  cyclic  left/right  control,  and  average  absolute  and  average  positive 
control  movement  magnitudes  for  the  pedal  control;  do  provide  a valuable 
insight  into  performance  during  the  different  visual  conditions.  The 
group  means  (Table  6)  demonstrate  that  aviators  during  the  unaided  eye 
night  flights,  produced  more  frequent  cyclic  left/ right  movements  and  a 
greater  magnitude  of  pedal  control  inputs.  These  results  can  be  inter- 
preted as  representing  a condition  wherein  the  pilot,  making  an  unaided 
eye  night  flight.  Introduces  a degree  of  overcontrol  to  accomnodate  for 
the  lack  of  visual  cues.  It  can  be  seen  in  Figure  7 that  this  set  of 

?11ot  control  variables  produces  a better  separation  of  visual  conditions 
han  does  either  the  total  set  of  NOE  in-flight  variables  or  the  set  of 
aircraft  status  variables. 


Aircraft  Status  Variables.  The  five  most  discriminating  aircraft 
status  variables  are  found  in  Table  5C.  Results  presented  in  Table  6C 
demonstrate  the  relative  contribution  of  these  variables  to  overall 
discrimination  of  the  NOE  visual  conditions.  Perfect  classification  of 
flight  segments  into  the  appropriate  visual  condition  group  was  accomplished 
using  these  variables.  The  specific  variables  and  their  relative  contri- 
bution to  discrimination  are  Identical  with  respect  to  the  total  NOE 
variable  set.  Examination  of  Figure  7 illustrates  that  separation  of 
the  groups  was  slightly  poorer  when  using  only  aircraft  status  values  as 
opposed  to  the  total  NOE  in-flight  variable  set. 


CONCLUSIONS 


The  substantial  differences  between  straight  and  level  flight  and 
terrain  flight  have  been  acknowledged  by  many  Army  aviators.  Although 
the  tactical  importance  of  terrain  flight,  particularly  with  night 
vision  devices,  is  solidly  recognized;  only  limited  knowledge  Is  avail- 
able regarding  the  impact  of  terrain  flight  upon  man -helicopter  system 
performance.  Previous  studies  have  emphasized  the  increased  sensory 
demands  associated  with  terrain  flight.  It  has  also  been  demonstrated 
that  the  man-helicopter  system  performance  Is  affected  by  the  Increased 
sensory  restrictions  Inherent  in  night  flight.  The  current  investigation 
was  conducted  to  further  examine  changes  during  in-flight  performance 
associated  with  unaided  eye  flight  during  the  day  and  night  and  flight 
with  the  night  vision  goggles. 


I 


r 


4^  This  investigation  demonstrates  that  for  LL  flights,  the  major  factors 

that  discriminated  day  flights  from  either  night  flights  or  NVG's  flights 
were  airspeed  related  variables  and  the  frequency  of  small  corrective 
control  inputs.  The  highest  airspeeds  and  the  largest  number  of  small 
corrective  control  inputs  were  observed  during  the  unaided  eye  day 
flights.  Comparison  of  the  centroids  for  the  three  LL  flight  conditions 
demonstrates  that  unaided  eye  night  flights  and  flights  with  the  NVG's 
were  similar  and  distinct  from  unaided  eye  day  flight.  However,  it  is 
noteworthy  that  NVG's  flights  more  resembled  day  flight  than  did  the 
unaided  eye  night  flights.  This  relative  ranking  of  the  performance 
measures  corresponds  directly  to  the  resolution  capability  of  the  visual 
system  and  suggests  that  the  use  of  NVG's  permitted  the  aviator  to  more 
effectively  monitor  and  respond  to  minor  out-of- tolerance  conditions 
than  did  the  unaided  eye  at  night. 

The  analyses  of  the  NOE  flights  demonstrated  that  two  broad  factors: 

(1)  severity  of  roll  through  the  NOE  course,  and  (2)  the  frequency  and 
magnitude  of  control  inputs;  exemplified  the  primary  differences  in 
performance  across  the  three  visual  conditions.  During  the  day  flights, 
pilots  utilized  the  most  severe  roll  angles  and  tended  to  roll  more  to 
the  right.  At  night  with  the  unaided  eye  and  NVG's,  the  severity  of  roll 
decreased  and  pilots  tended  to  avoid  excessive  right  roll.  This  difference 
between  the  day  and  night  NOE  flights  is  a clear  demonstration  of  control 
compensation  for  restrictive  visual  conditions.  At  night  the  pilots 
I flew  closer  to  the  right  side  of  the  river  course  to  obtain  better 

obstacle  definition,  thus  limiting  the  amount  of  right  roll.  The  unaided 
eye  flights  at  night  demonstrated  the  largest  rate  of  cyclic  left/right 
control  movements  and  the  largest  magnitude  of  pedal  control  inputs. 

This  indicates  a degree  of  over-control,  resulting  from  the  decreased 
resolution  of  the  visual  system  and  the  impact  upon  the  aviator's  ability 
to  identify  out-of- tolerance  conditions. 


\ 

1 


! 

1 

\ 

? 


20 


jL 


REFERENCES 


r 


1.  Maddox,  W.J.,  Jr.  Army  aviator  priorities.  Aviation  Digest, 

Vol  20  (12),  December,  1974. 

2.  Merryman,  James  H.  Bringing  army  aviation  through  the  70's  into 
the  80's,  Aviation  Digest,  Vol  20  (6),  June  1974. 

3.  Sette,  Domenic  R.  Intensified  aerial  intelligence  collection. 
Aviation  Digest,  Vol  20  (10),  October  1974. 

4.  Wiley,  Roger  W.  and  Holly,  Frank  F.  Vision  with  the  AN/PVS-5 
night  vision  goggles.  Paper  presented  at  A6ARD  Aerospace  Medical 
Panel  Specialists'  Meeting,  Copenhagen,  Denmark,  April  1976. 

5.  Behar,  I.,  Kimball,  K.  A.,  and  Anderson,  D.  B.  Dynamic  visual 
acuity  in  fatigued  pilots.  Paper  presented  at  Southern  Society 
for  Philosophy  and  Psychology  Meeting,  New  Orleans,  LA,  March  1975. 

6.  Sanders,  M.6.,  Kimball,  K.A.,  Frezell,  T.L.,  and  Hofmann,  M.A. 
Helicopter  flight  performance  with  the  AN/PVS-5  night  vision 
goggles.  Paper  presented  at  AGARD  Aerospace  Medical  Panel 
Meeting,  Ankara,  Turkey,  October  1975. 

7.  Kimball,  K.A.,  Frezell,  T.L.,  Hofmann,  M.A.,  and  Snow,  A.C.,  Jr. 
Aviator  performance  during  local  area,  low  level  and  nap-of-the- 
earth  flight.  USAARL  Report  No.  75-3,  September  1974.  U.  S. 

Army  Aeromedical  Research  Laboratory,  Fort  Rucker,  AL. 

8.  Lees,  M.A.,  Glick,  D.D.,  Kimball,  K.A.,  and  Snow,  A.C.,  Jr. 
In-flight  performance  with  night  vision  goggles  during  reduced 
illumination.  USAARL  Report  No.  76-27,  August  1976.  U.  S. 

Army  Aeromedical'  Research  Laboratory,  Fort  Rucker,  AL. 

9.  Huffman,  H.W.,  Hofmann,  M.A.,  and  Sleeter,  M.R.  Helicopter  in- 
flight monitoring  system.  USAARL  Report  No, 72-11.  March  1972, 

U.  S.  Army  Aeromedical  Research  Laboratory,  Fort  Rucker,  AL. 

10.  Veldman,  D.  J.  Fortran  Programming  for  the  Behavioral  Sciences. 
Holt,  Rinehart  and  Winston,  196T. 


21 


s 


DISTRIBUTION  LIST  OF  USAARL  REPORTS 


Project  No.  3A7 627 58A81 9 Army  Aviation  Medicine 


No.  of 
Copies 

5 U.  S.  Army  Medical  Research  & Development  Command 
Washington,  D.  C.  20314 

12  Defense  Documentation  Center 

Alexandria,  Virginia  22314 

1 U.  S.  Army  Logistics  Center 

ATTN:  Medical  Sciences  Agency 
Fort  Sam  Houston,  Texas  78234 


! 


i l 

I > 


2 5 

it  ~i 

♦>  *5  ®*** 

s?li  ci 
£*  .£££« 
< l^t u 

W*-W  M 

wu^au.  i — 
c V~-  * o 

— a.  u.  *>  _ yw 
’ 3T  r1  « *5  « 

J i.  C 9>  l >- 

- xo  — c V.  a. 
i.  L.  w .j  p — 


5 

I 5 

-aa..?  5 « 

SfS52S5Cti 
ff3ShJ3.,3a 
« IjiSi*?  SS* 


"rii^l-ssS 

’^S*  **'2C 


jUi^!s*2.si3 

M“.22?  e„£| 

a?£  lrZStiii.~ 

2l»|Es*“S-e 

c«£SI_s»u3S 

2s2‘£Ses‘Z*‘§ 

“ «C  " icj^  *1v 

S—?SS3e5£° 

c-2 


isitzstt 


si 


s|sr*2,°-..=  |«g> 


b-1  «■»»•*£«  •#- 

_ r*  "a  *»  «*  v.  c> 


Sb’s  -S«r£?z| 

. T>  C Ml  Z Ml  «»-  < 


80^5-5  .«ec 


k MO) 

b*  ««»*- 

7 F * . . 

r«*  < J;T*  * 

~^Saj 

£5h*I 


►t 

* MC£MC<-k«* 

o\i  M*  • 5 8 5 • 

r 1 1?  r ■ s « o o*w  m 

*f*rl*4i*«* 

£5a2££:;ieg£-= 

■5  ,.  — • r»  v>  — .—  *j  0 — 3 

3g  -o.*i^S£'sr 

<zzi :€.£«  ■S1."2>1» 

«=  jo  — j*  .*  g a « 

T •—  O M«J  « Uw  Z 

**■*7  4-  4»  T>  *»  ■ O L.  {. 

C£S~?SsIg?«S 
«=  Iss- 

S5 Sb£»oJ 
t-L~&£  *a  «c£c 
a s-r.-s  3^  sr  a i 
SS-ctcSSSlsI 

kStCCO^MiUMM 

a*-* m2m/I  1 5 


ssai  ’^I 

IL-kr! 


£“Si;=32a 


w.  t*»  n — ~i  o — 

saat^.La 

ijSiaaSa* 

Q 

< 5»*NM»UtWN 


:2£§?2ssiii 

|icsi|?£||: 


lf|i:!x5jZ*s 

„r ^ *;«  w « c 

c W -»-  • ci  O "P  •—  fc 

:»s||s5il" 


K _Sx 


*:m- 

<U5sl] 


iucajs’ishi 


0.  - I £ 

.aa^t  s = 


11  ativ  9 «*•  m k. 
>«OM  4 viwv  L U 
« U <•  k 4 4 O VI 

T 1.0  jOM«J» 


**-  « >,  C — 4 

sga»  “■£ 
£»  .|££” 
5 o2t- £ £ 
o.t  S'tz'r  a 

rts-saa'sa 


2 liS2.-2i!a- 

r*  £*■  Ml  u*.  Ml 


£ citi  cr  him  SS 

•4  3«<«4>W3i 


•49m<«41W3C 

*±  w ^ n — a « . 


\ ****  ocas  £—  ° ! 

- t £ H 4 4 C P*-* 


I 4 Lb.  I *1 
*T  C . B Cko— 


= •5 a 3 .Tiii 

L 1M  3 j • o 3 o 


jsiaassi 


k 4«  3 I » o m o 

zap  —on  Z c 

•-  Oit  O 

>*  *■  — — u 

U c - M tMtlw  <4  -Q 

3 C £ K-  3 $ H- 
**  -pnOtApnc  o 

o — *J  t 4 U ^ L ^ V 

4 J£  k « a*M  I v 

*-»  O*—  S ♦>  « o C -5 

3 O L M 4>  5 


0 T.  u J»  C7I  O « »• 

3Sj;»£,clo,a£^g, 

aa-tx^  s^-ss* 


5«g«faf4!? 

n;pmtzi 


*-*  Ml  k o 
*>  Ml  O T3  — 
. H «»U.  C — 
4 £ Ml  «H- 


. v t «n  & «n  4v  tr 

*t*=,a-:*'a  .7ee 

= -g.i  gigjsf0-*- 

«w‘**  *»  Q*3  40  O Q.*-*  $ 


cnoC  o>  j o c c cr 
)«*•  M 0*3  40  O £.*-»  Cl 

V — H ^ CT 

-•c£S£5 ,£?i  = ^ 

^ag-'-s 


^'k-*f-r*cKo  o*uj  m 

'sg.>S*r_aI»g 

34>«-*>X  L u 4£  , v •»■ 

*o  -p  C 'Six  5 •£  3 X b ’5»£ 


*o  -q  *»-  qix  £*4ko  ’5»i- 

bt  >,c~'t^»^  5? 

.^S 

„ R e+>  cc«n  Ml  — 


sirt^~£  0 — 3 

. OMMI.  vi 

«-*  oi  X x»  u — o — 


7^<^: 

K-liai 


m “ w *.  a o*-  o — 
*—  "CCU  40  T>  > 

>12  CSy  S4UWt  f 

_ J *-  f 5 , * s H 3 «i 

c >J-  01JC  «>«•«•  b.  M w 4 


J'E'JtSSf 

t?a^a‘a„5gs 


* B O»*0 
M I 0 v-  C 

rvii  =1 


.-II 

bS^S.-L! 

XOli  4 MM3  k U 

« u 4 k 4 4 o Ml 
*•  k U |l  omM- 


ZX&l  p£ 
t*l  .S^55  -i 

**144 


Elk  vft,  kk.  • — 

tS  i .•* c 9 « j 


2^1* 52*15*- 

*—  tZ  — Ml  U<»  Ml 

k 31«  C£  MM  U j 

aa=,*'S-*ass  . 
fizsasssais 
|£a-S2«t„£l 

k >£S44C  p U — 
to.  2 I »«#** 


S 5 — <s» 00  — ' tn*o *.* 


-=*£.£ -p3S-£g 
3?:ssL;5?“ 

t; — issse5!0 


g-.cS2=*fe&2a 
z ss:  1*  g, 

*r -*  Ci-  0}  &4  Z 

:u*  fsMiz 

5I2  *r“»2'S 
’■S 1 - *"2 -“■»»:  p 
?-5«'=sa  .-es 
fs*gf  g2slttv- 

“£:SapHi 


* r •?  * § ww  * m» 
c tt  cQ  »c 


”?  c tf'C  *£  * « •* 

w *Tv-£5mTS 

yMo-vr  w u ex  * H 

49C Sx Ijlko  5*^ 

*Ibcrr??srS1 


. t P,  .*•»  yr  ° " 


,?3* 

!Tij 


mmmn 

5|-.C=2S'Biisi 

IIiL-ililil 


1 


